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Materials and Methods 
 
Material 
The type bridgmanite material in Caltech Tenham section TB-MC2L (Figs. 
S1,S4,S5) is deposited in the collections of the Smithsonian Institution’s National 
Museum of Natural History, Washington DC, USA, with registration number USNM 
7703. 
Structural characterization 
 Diffraction data were collected at the undulator beamline 13-IDD (GSECARS, 
APS, Argonne National Laboratory) using a primary beam energy of 37.077 keV ( = 
0.3344Å) monochromatized by a double crystal Si (111) monochromator. The X-ray 
beam was focused to ~3×4 m2 by vertical and horizontal Kirkpatrick-Baesz mirrors of 
200 mm focal length and a MAR165 CCD detector was used for collecting diffraction 
data. The thin section containing bridgmanite was scanned in 4 m steps horizontally and 
vertically via the focused X-ray beam over the selected region of a shock-melt vein (Fig. 
S4). Diffraction patterns were recorded in transmission geometry at each step. The 
diffraction pattern images were corrected for diffuse scattering from the glass slide of the 
thin section using Fit2D (32). The patterns were then corrected for geometric distortion 
from detector tilt using GSE-ADA (33) and integrated using Fit2D (32). The low 
abundance of bridgmanite and partial overlap with reflections from other minerals made 
the analysis extremely tedious: We acquired a total of 4000 diffraction images and 
selected 200 for manual examination. We observed bridgmanite only in association with 
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akimotoite and only in pseudomorphosis after small (20-50 m edge length) 
orthopyroxene crystals that had been entrained by the shock melt.  
Bridgmanite was observed at several locations in USNM 7703 as a minor phase. 
We selected a pattern for detailed structure analysis that had a comparatively large phase 
fraction of bridgmanite with relatively low overlap of reflections due to diffraction from 
other, more dominant phases and cross-checked with other patterns using the same 
analysis methods. Rietveld refinements of the bridgmanite structure were conducted with 
Powdercell (34) using Pseudo-Voigt profiles with the following final parameters: U = 
0.114, V = 0.011, V = 0.012, fixed mixing parameters na = 0.5 and nb = 0.0, and a scale 
factor of 0.14. Rietveld refinement converged to an Rwp of 0.08 with a Rexp = 0.03.  There 
were 799 observations and the 2 was 1.96. However, the contribution of bridgmanite to 
the Rietveld refinement in this and similar patterns was only ~11% (Fig. 1) and there was 
still overlap of reflections with diffraction from coexisting ringwoodite and akimotoite. 
We, therefore, made a LeBail extraction of structure factor moduli (Rp = 0.06, Fig. 2) and 
conducted a reversed Monte Carlo global optimization (35) based on the extracted 
|F(hkl)|, which converged to a RBragg of 0.15 (Table S2). These results confirm that 
bridgmanite is an orthorhombic ABO3-perovskite and not an artifact of profile fitting the 
coexisting akimotoite and ringwoodite. Atom coordinates and unit cell dimensions are 
given in Table S3. 
 Electron back-scatter diffraction (EBSD) analysis of individual bridgmanite 
crystals (using a HKL EBSD system on a ZEISS 1550VP FE-SEM at Caltech) was 
unsuccessful due to fast beam damage so that, no pattern could be obtained. Although 
bridgmanite became amorphous under the e-beam, there was the contrast in backscatter 
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electron (BSE) images with the distinctive appearance of crystallites to allow us to 
readily distinguish between crystallites of bridgmanite and akimotoite and the host glass 
(Figs. 1 and S1). In addition, akimotoite was identified within these aggregates by EBSD 
patterns. 
 
Chemical analysis 
Quantitative elemental microanalyses of the type material were carried out at 
Caltech using a JEOL 8200 electron microprobe operated at 15 kV and 10 nA in focused 
beam mode and processed with the CITZAF correction procedure. The interaction 
volume for generating X-rays is about 1 micron in diameter. More than 100 point 
analyses over bridgmanite-akimotoite grains and host glass regions show no apparent 
chemical variation. This is consistent with the hypothesis that the bridgmanite-bearing 
regions were orthopyroxene crystallites prior to shock and that bridgmanite and 
akimotoite formed from these pyroxenes during shock without significant chemical 
diffusion. Thus, we conclude that bridgmanite, co-existing akimotoite and host 
(Mg,Fe)SiO
3 
glass have the same composition, within the error. Analytical results are 
given in Table S1.  
 Bridgmanite occurs as crystallites or crystalline aggregates, 50 – 400 nm in size, 
along with akimotoite in a (Mg,Fe)SiO
3 
glass matrix (Figs. 1 and S1) as pseudomorphs of 
pyroxene clasts within a shock melt vein. Clinopyroxene with dominant diopside- and 
jadeite-components, ringwoodite, majorite, periclase, wadsleyite, troilite, and iron are 
present at other locations in the shock-melt vein. Olivine, enstatite and albitic glass are 
present in the wall rock portion of the sample. 
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Fig. S1. Enlarged BSE image showing bridgmanite-akimotoite regions and surrounding 
phases. Bridgmanite-akimotoite aggregates as well as ringwoodite are pseudomorphs of 
pyroxene- and olivine clasts that were entrained in the shock melt vein. 
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Fig. S2. Mg# (100*Mg/(Mg+Fe)) versus Na# (100*Na/(Na+Ca)) for natural and 
synthetic bridgmanite. Values are computed on a molar basis for bridgmanite from 
Tenham (this study for the type material) and experiments (7,36-62).  The experimental 
data are multiply saturated and the black lines effectively denote solubility limits in 
bridgmanite for the bulk compositions studied.  Compositions of the Tenham 
bridgmanites lie in a little bay of no experimental data but they are consistent with being 
near the experimentally expected solubility limit for Na-bearing bridgmanite with an 
Mg#~80.  
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Fig. S3. Shock conditions for bridgmanite formation and the surrounding melt vein. Thin 
black lines indicate the phase diagram of MgSiO3 (63). Thick lines: Solidus and liquidus 
for bulk Allende (64) as an approximation for metal-sulfide-peridotite melt mixtures. 
Thick dotted lines: Solidus of MgSiO3 and peridotite (36).  Blue curve: bulk rock adiabat. 
Green hashed field: Probable range of peak P-T conditions. The conditions of formation 
and recovery of bridgmanite in the shock melt vein are constrained by the observed 
occurrence of high pressure minerals, their paragenesis, and experimental constraints 
from phase diagrams and, generally, the cross-over of the free energies of phases even 
without common phase boundaries (20). Slopes of the cooling paths reflect a requirement 
that the initial release approximate the peak temperature adiabat, converge to the adiabat 
of the surrounding bulk rock at lower temperatures and, possibly, show a steep reduction 
of temperature at high pressure. Hot release is ultimately constrained by the 
disappearance of periclase as the liquidus phase at 8-10 GPa (63, 65) and implies 
temperatures of 1600 to 2000 K within the high-pressure clinoenstatite stability field 
below 15 GPa or within the field for decomposition of bridgmanite to 
stishovite+wadsleyite between 16 and 18 GPa (63-65). Neither clinoenstatite nor the 
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breakdown products stishovite+wadsleyite were observed in vicinity of the akimotoite-
bridgmanite aggregates.  Hot- to intermediate-release is close to adiabatic between 20 and 
25 GPa (66). The hot release limit is indicated by a dashed black curve.  Cold release 
deviates from the 2200 K adiabat just below 22-23 GPa and temperature drops to below 
1000 K, still within the field of akimotoite (grey hashed field).  Peak pressures higher 
than 27 GPa imply rather hot release paths, as do temperatures above 2400K. Peak 
pressures above a 25-27 GPa margin imply release within the bridgmanite field and the 
possibility of crystallization from melt, which is not observed. 
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Fig. S4. SEM BSE image showing part of a shock melt vein in Tenham section USNM 
7703. The rectangle marks where bridgmanite crystals were detected using a synchrotron 
micro-X-ray diffraction mapping. 
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Fig. S5. An optical image showing Tenham thin section USNM 7703 where bridgmanite 
was identified in a shock vein. The shock melt veins are dark brown to black over the 
thickness of the thin section of about 30 µm. 
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Fig. S 6a-c. Diffraction pattern zooms from Fig. 1. Strong reflections of bridgmanite are labeled 
by Miller indices. The overall quality of match between observed and calculated pattern is good 
(Rwp = 0.08), but the rather low volume fraction of bridgmanite (11 %) affects the fit of 
overlapping or weak reflections and Rwp is strongly weighted by the fit of the coexisting phases 
akimotoite and ringwoodite. Therefore, we extracted the apparent structure factor moduli of all 
reflections of bridgmanite from this fit and determined the RBragg to 0.15. This measure of 
goodness of fit reflects the overall level of match only of the bridgmanite fraction in the 
diffraction pattern. Because of the low volume fraction of bridgmanite, it is higher than the whole 
pattern Rietveld refinement parameter Rwp. Nevertheless, it shows that the assessment of 
bridgmanite structure and volume fraction is robust. 
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Table S1. Electron microprobe analytical results for bridgmanite and associated phases. 
The composition of akimotoite has been found identical to that of bridgmanite within 
uncertainties.  
 
Constituent  
bridgmanite  ringwoodite majorite maskelynite 
Analytical 
Standard 
(wt%) n=7a n=10 n=6 n=11  
SiO2 55.6(0.3)b 38.5(0.3) 55(1) 68(1) Anorthite 
MgO 27.9(0.7) 36.7(0.9) 27.6(0.7) 0.02(0.01) Forsterite 
FeO 13.7(0.5) 25(1) 12.2(0.6) 0.35(0.04) Fayalite 
Na2O 0.9(0.2) b.d.c 1.4(0.2) 5(1) Albite 
CaO 0.9(0.2) 0.07(0.02) 1.2(0.5) 2.36(0.08) Anorthite 
MnO 0.49(0.03) 0.16(0.07) 0.52(0.08) b.d. Mn2SiO4 
Al2O3 0.2(0.1) b.d. 1(1) 22.6(0.2) Anorthite 
TiO2 0.19(0.04) b.d. 0.14(0.03) 0.05(0.02) TiO2 
Cr2O3 0.13(0.02) b.d. 0.15(0.05) b.d. Cr2O3 
K2O 0.04(0.03) b.d. 0.10(0.02) 1.24(0.05) Microcline
Total 100.1 100.4 99.3 99.6  
an = number of analyses.  
bErrors given inside parentheses are one standard deviation of the mean based on the n 
analyses. 
cb.d.= below detection limit: 0.03 wt% Na, 0.04 wt% Al, 0.03 wt% Ti, 0.02 wt% K, 0.04 
wt% Cr, 0.06 wt% Mn. 
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Table S2. Fractional atomic coordinates and site occupancies of bridgmanite. The unit 
cell of bridgmanite is a = 5.02 0.03, b= 6.90 0.03, and c = 4.810.02, all in Å, in space 
group 62, Pnma, with a volume of 167 2 Å3. We span the unit cell in the conventional 
first setting of space group 62 rather than the historically used third setting (Pbnm). The 
cif file is available as database S2. 
            
  x/a  y/b  z/c       Occupancy Biso(Å2) 
Mg   4c 0.557(2) ¼     0.513(3) 0.7(1)              0.43* 
Fe   4c  0.557(2) ¼  0.513(3) 0.3(1)  0.43* 
Si   4b   0  0  1/2  0.9 - 1.0 0.55* 
Fe   4b  0  0  1/2  0.0 - 0.1 0.55* 
O   4c      0.931(1)  1/4   0.381(3) 1   0.59* 
O   8d      0.176(3)  0.575(1) 0.160(2) 1  0.39* 
* B factors were not refined and are taken from two previous singe crystal structure 
analyses on synthetic material (28). 
 
Data table s1 (Bridgmanite_hkl.xls) A list of observed and calculated factor moduli of 
Bridgmanite is available in data table S1. The observed moduli were obtained by LeBail-
extraction from the powder diffraction pattern shown in Fig. 2. Multiplicities of the 
strictly overlapping reflections are given in this table. The calculated structure factor 
moduli are those of the final converged structure model obtained through global 
optimization (35). The primary beam wavelength was 0.3344 Å and the beam was 95% 
linear polarized. Miller indices are for the conventional first setting of space group 62. 
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